UPLINK DPCCH TRANSMISSION POWER CONTROL 
FOR TERMINAL IN SOFT HANDOVER 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a mobile communication 
system, and more particularly, to a power control method in 
a mobile communication system. 

10 Background of the Related Art 

Generally, in a mobile communication system, power 
control in the uplink direction is essential to increase 
system reception capacity. Specifically, a terminal in soft 
handover receives power control commands from a multitude of 

15 base stations and considers the commands to determine the 
power on an uplink channel to cope with a receivable level 
of each base station. Even though the terminal in soft 
handover simultaneously transmits a plurality of channel 
signals, there occurs a case that some channels may be 

20 received by one base station only. In such a case, the 
terminal should adjust its power control for the uplink 
channels so that the base station can efficiently receive 
the signals. 
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In each cell of a mobile communication system, the base 
station may provide a plurality of terminals with a downlink 
common channel that belongs to a specific one of the 
terminals for a specific time. In order to control such a 
5 downlink common channel, each terminal transmits control 
information on an uplink channel to the base station. For 
such control information transmission an additional uplink 
control channel signal is used. 

However, since general uplink channel signals are 

10 received by all the neighboring base stations, the 
transmission power for the uplink signal needs to be at a 
level high enough to be received correctly by any one of the 
base stations. In case that the uplink transmission power is 
adjusted to fit a base station other than the base station 

15 transmitting the downlink common channel, the base station 
transmitting the downlink common channel may not correctly 
receive an additional uplink control channel for the 
downlink common channel. 

Hence, when signals are transmitted on a control 

20 channel for controlling a downlink common channel, the 
terminal increases the transmission power for the additional 
control channel relative to the other uplink channels. For 
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example, an IMT-200 HSDPA (high speed downlink packet 
access) system is explained as follows. 

The HS-DPCCH (high speed dedicated physical control 
channel) of the IMT-2000 HSDPA system corresponds to such an 
additional uplink control channel, and an additional power 
control method has been proposed for efficient reception of 
HS-DPCCH signals. This method improves reception performance 
of the HS-DPCCH at the base station, but interference of the 
uplink is greater than that of using the related art power 
control method. 

The HS-DPCCH amongst various uplink channels of the 
1MT-2000 HSDPA system is received only by a base station 
that provides a terminal, which is in soft handover with a 
plurality of base stations, with HSDPA. Hereinafter, such a 
base station is called a HSDPA base station. The terminal in 
soft handover transmits a HS-DPCCH signal using power that 
is in proportion to the transmission power of the uplink 
DPCCH signal, and the base station uses a pilot signal 
transmitted through the DPCCH to demodulate the HS-DPCCH 
signal . 

In DPCCH power control, in case that any one of the 
base stations participating in soft handover can receive the 
DPCCH signal correctly, a terminal sets the power (minimum 
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power) of such a case as the transmission power of the DPCCH. 
Hence, the power of the pilot transmitted on the DPCCH may 
be insufficient to demodulate the HS-DPCCH signal received 
by the single HSDPA base station only. Thus, in HS-DPCCH 
5 power control, a terminal deduces a transmission power of 
the DPCCH signal required for demodulating the HS-DPCCH 
signal at the moment of initiating transmission of the HS- 
DPCCH signal and increases the power level of the DPCCH by 
as much as the deduced amount to transmit the HS-DPCCH 
10 signal. 

DPCCH power control of a terminal in soft handover is 
explained as follows. 

First of all, a terminal in the IMT-2000 system 
continuously transmits DPCCH signals as a general control 
15 channel in the uplink direction together with general 
traffic channels. Moreover, the terminal transmits a pilot 
for traffic channel demodulation as well as other necessary 
control information on the DPCCH. 

The terminal in soft handover receives power control 
20 commands for the DPCCH from all base stations participating 
in soft handover. In this case, the received power of the 
DPCCH signal at each of the base stations differs from each 
other, depending on the respective environments of the base 
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stations. And, the base stations transmit separate power 
control commands according to the corresponding received 
power of the DPCCH signal at each of the base stations. 

FIG. 1 is a diagram of a terminal and neighboring base 
5 stations in soft handover. 

Referring to FIG. 1, a power control command 
transferred to a terminal 12 from an i th base station is 
indicated by TPCi. Assuming that it is a power-up command if 
TPCi = 1 and that it is a power-down command if TPCi = -1/ 

10 FIG. 1 shows a situation where a base station 11A sends a 
power-down command and other base stations 11N-1 and 1 IN 
send power-up commands, respectively. If any one of the 
DPCCH power control commands received from the base stations 
11A to UN is a power-down command, the terminal 12 judges 

15 that at least one of the base stations can receive the DPCCH 
signal and then lowers the power intensity of the DPCCH by 
as much as A TPC, which is a predetermined power control 
constant. If all of the received DPCCH power control 
commands are power-up commands, the power intensity of the 

20 DPCCH is increased by as much as A TPC. 

Namely, if each of TPCi, TPC 2 ,... , TPC N _i, and TPC N is y l' , 
then TPC_comb = 1. If at least one of TPCi, TPC 2 ,... , TPC N _i, 
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and TPC N is , then TPC_comb = -1. And, calculation of 

A DPCCH is represented by Equation 1: 

A dpcch = TPC_comb x A TPC [Equation 1] 

5 

wherein TPC_comb is a power control value that is determined 
by the terminal 12 considering the power control commands of 
the base stations 11A to UN, and A DPC ch is a power increment 
applied to each slot. 

10 A terminal receiving such power control commands can 

employ one of two types of pre-set power control methods, 
either a "power control method 1" or a "power control method 
2" , for calculating the power control value TPC_comb to be 
applied to the DPCCH. 

15 FIG.5A shows the power control method 1, wherein the 

terminal determines the DPCCH transmit power by 
appropriately using the power control commands received from 
all base stations for each and every transmission slot. 

FIG. 5B shows power control method 2, wherein the 

20 terminal determines the DPCCH transmit power according to 
units of N slot groups (N>1) . FIG. 5B shows an example of 
N=3, wherein the boundary of each N slot group is previously 
set. For any N slot group, the DPCCH transmit power is not 
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changed for the first N-l slot, while for the last N th slot, 
the DPCCH transmit power is determined by using all power 
control commands received from all base stations during the 
N slot group. Thus, the DPCCH transmit power can change one 
5 time for each N slot. 

HS-DPCCH power control of a terminal in soft handover 
is explained in the following. 

FIG. 2 is a diagram of transmitting DPCCH and HS-DPCCH 
signals . 

10 Referring to FIG. 2, a terminal, which is in soft 

handover and performs HSDPA service, continuously transmits 
a DPCCH signal as a general control channel signal in the 
uplink direction, and also intermittently transmits an HS- 
DPCCH signal as an additional control channel signal for 

15 HSDPA. In this case, a corresponding base station uses a 
pilot signal transmitted on the DPCCH for demodulation of 
the HS-DPCCH signal. The received power of the HS-DPCCH is 
in proportion to that of the DPCCH and depends on the 
variation of the power of the DPCCH. 

20 While the terminal is in soft handover, a DPCCH signal 

is received by all of the base stations participating in 
soft handover. However, a HS-DPCCH signal is received only 
by a HSDPA base station. If the transmission power of the 
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DPCCH is set to be such that any one of the base stations 
participating in soft handover may be able to receive it 
correctly, the received power of the DPCCH signal 
transmitted by the terminal may be insufficient to 
demodulate the HS-DPCCH signal with the pilot symbols in the 
DPCCH signal at the HSPDA base station. 

Related Art HS-DPCCH power control method 

In order to overcome this problem, the terminal, which 
is in soft handover and performs HSDPA service, raises the 
transmission power of the DPCCH to a level requested by the 
HSDPA base station for only in the section (i.e., slot) for 
transmitting the HS-DPCCH. 

FIG. 3 is a diagram of a HS-DPCCH power control method 
according to the related art. 

TPC sc (i) is a power control command of a HSDPA base 
station for an i th previous slot of HS-DPCCH signal 
transmission slots, and TPC_comb(i) is a power control value 
of a HSDPA base station for an i th previous slot of HS-DPCCH 
signal transmission slots. The power control value is 
determined in a manner that the terminal 12 considers the 
power control commands of the base stations 11A to UN. 
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Before transmitting a HS-DPCCH signal, the terminal 
stores the values of TPC_comb(l), TPC_comb(2), 
TPC_comb (K_used-1) , and TPC__comb ( K_used) , and also stores 
TPC SC (1) TPC SC (2) / TPC sc (K_used-l) , and TPC SC (K_used) for a 

5 K_used slot, and uses theses values to deduce *d' . The x d' 
is a value for additional power required for transmitting a 
DPCCH signal in the slot transmitting a HS-DPCCH signal. The 
deducing of x d' may vary according to system implementation. 
The increment of power required for a HS-DPCCH signal 
10 transmission is calculated by Equation 2: 

Adpcch = d x ATPC + TPC SC (HS_start ) x ATPC [Equation 2] 

In Equation 2, TPC SC (HS_start ) is a power control 
15 command for the slot on which HS-DPCCH is transmitted, and 
is transmitted from a HSDPA base station to a terminal. 

The K_used value is attained by using a constant K HS TPC , 
e.g., the K H s_tpc value may be set as a default. However, 
after the HS-DPCCH signal has been transmitted, if another 
20 HS-DPCCH signal is transmitted before a slot time of as much 
as K H s_tpc passes, the number of slots between the two 
HS_DPCCH signals is set as a new K_used value. DPCCH power 
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«+■ t-ransmit a HS-DPCCH 
control in those slots that do not transmit 

signal follows the 'DPCCH power oontrol method- . 

Belated_AriJ!rcCHjrra^^ 

Th e related art OPCCH transmit power oontrol methods 
include . modified power oontrol method * and a modified 

power control method B. 

FIG . e* shows the modified power oontrol method A for a 
terminal .using the previously described power oontrol 
10 m ethod 2, that transits HS-DPCCH. Assu m ing that the slot 

th c1nt the DPCCH transmit power 
for HS-DPCCH is the n slot, 

, , wq-OPCCH is deduced 
req uired for the slot that transits the HS 

by using the power oontrol commands from the <n-K_est> 

ontrol) By using this deduction, the 
15 (e.g., previous power control). By 

j Thus the DPCCH transmxt 
DPCCH transmit power is determined. Thus, 

power for t, transmitting slot is increased or decreased ,y 
a value that is greater than *PC. compared with the 

olot FIG. 6A shows an 
transmit power of the previous slot. 

„ . K est ,5 For all other slot besides the slot 
20 example where K_est a. 

■, HS DPCCH the power oontrol method 2 rs used 
that transmits HS-DPCCH, tn f 

for DPCCH transmit power control. 
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FIG. 6B shows the modified power control method B for a 
terminal (using the previously described power control 
method 2) that transmits HS-DPCCH. Assuming that the slot 
for HS-DPCCH is the n th slot, the terminal changes the DPCCH 
5 transmit power control method to the power control method 1 
beginning from the (n-K_mod) th slot, and the power of each 
slot is determined by only the power control commands from 
the base station performing the HSDPA service. In FIG. 6B, 
it is assumed that K_mod =5. After completion of HS-DPCCH 

10 transmission, the terminal considers the power control 
commands from all the base stations to determine the power 
of each slot. Also, at the boundary of the first N slot 
group or the boundary of the first M x N slot group that 
appears after HS-DPCCH transmission, the terminal changes 

15 the transmit power control method back to the power control 
method 2. Here, M is a random constant. 

Problems of the Related Art 

However, in the related art HS-DPCCH power control 
20 method of FIG. 3, since the power adjusted to increase is 
left alone (i.e., not re-adjusted) for a predetermined time 
despite the completion of HS-DPCCH signal transmission, the 
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power of a general control channel (DPCCH) is unnecessarily 
maintained high. 

Namely, the power of the DPCCH in a slot transmitting 
the HS-DPCCH necessarily increases. When the terminal goes 
back to using the DPCCH power control method in soft 
handover after completing the HS-DPCCH transmission, this 
power-down process may require many slots to complete until 
the power naturally (and gradually) returns to a level that 
is appropriate for the DPCCH. Hence, the DPCCH signal is 
transmitted with unnecessarily high power for certain slot 
sections (i.e., those slots immediately following the slot 
used in transmitting the HS-DPCCH) , causing interference 
intensity in the overall mobile communication system to 
undesirably increase . 

Also, referring to FIGs . 6A and 6B, in the related art 
DPCCH transmit power control, the terminal (operating under 
the power control method 2) employs the modified power 
control methods A and B for DPCCH transmit power control at 
a slot in which HS-DPCCH is transmitted. For those slots 
after completion of HS-DPCCH transmission, because the DPCCH 
transmit power changes at every N slots, the time required 
for adjusting the DPCCH transmit power for transmitting HS- 
DPCCH and then waiting for the DPCCH transmit power to 
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return to its normal (appropriate) level is undesirably long. 
This results in unwanted interference within the overall 
mobile communication system. 

5 SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a 
power control method in a mobile communication system that 
substantially obviates one or more problems due to 
limitations and disadvantages of the related art. 

10 An object of the present invention is to provide a 

power control method in a mobile communication system, by 
which the power adjusted upward for specific control channel 
signal transmission of the uplink is quickly re-adjusted for 
transmission of general control channel signals. 

15 Additional advantages, objects, and features of the 

invention will be set forth in part in the description which 
follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following 
or may be learned from practice of the invention. The 

20 objectives and other advantages of the invention may be 
realized and attained by the structure particularly pointed 
out in the written description and claims hereof as well as 
the appended drawings . 
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To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied 
and broadly described herein, in a mobile communication 
terminal continuously transmitting a general control channel 
5 signal and intermittently transmitting a specific control 
channel signal, a power control method according to the 
present invention includes the steps of increasing power of 
a general control channel to a power level requested to 
demodulate specific control channel transmission, once 

10 transmission of the specific control channel signal is 
executed and adjusting the increased power to meet a power 
level requested by the current general control channel 
transmission if the transmission is completed. 

Preferably, the adjusting step includes the steps of 

15 removing power level increment from the increased power and 
re-adjusting the increased power from which the power level 
increment is removed to the power level requested by the 
current general control channel transmission. 

More preferably, the power level increment can be 

20 removed by using an equation of '{[increased power] + [-d x 
ATPC] } ' . 
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More preferably, the power level increment can be 
removed by using an equation of x (increased power) - Max{0, 
[d-f (K_intv) ] }' . 

More preferably, the re-adjusting step can be carried 
5 out by using an equation of * (power - d) + [TPC_comb (HS_end) 
+ y] x AT PC . 

More preferably, the terminal performs HSDPA (high 
speed downlink packet access) service. 

Preferably, the specific control channel can be a 
10 HS_DPCCH (high speed-dedicated physical control channel) in 
a HSDPA system and the general control channel is a DPCCH 
(dedicated physical control channel) . 

Preferably, the terminal is in soft handover. 
More preferably, the terminal performs HSDPA (high 
15 speed downlink packet access) service. 

It is to be understood that both the foregoing general 
description and the following detailed description of the 
present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as 
20 claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
5 illustrate embodiment ( s ) of the invention and together with 
the description serve to explain the principle of the 
invention. In the drawings: 

FIG. 1 is a diagram of terminal and neighboring base 
stations in soft handover; 
10 FIG. 2 is a diagram of transmitting DPCCH and HS-DPCCH 

signals ; 

FIG. 3 is a diagram of HS-DPCCH power control method 
according to a related art; 

FIG. 4 Is a diagram of a power control method according 
15 to a preferred embodiment of the present invention; 

FIG. 5A shows the power control method 1 of the related 

art; 

FIG. 5B shows the power control method 2 of the related 

art ; 

20 FIGs. 6A and 6B show the related art DPCCH transmit 

power control, in which the terminal (operating under the 
power control method 2) employs the modified power control 
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methods A and B for DPCCH transmit power control at a slot 
in which HS-DPCCH is transmitted; and 

FIGs. 7A and 7B show examples of applying the present 
invention to the previously described modified power control 
methods A and B when K_algo = 5. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. 

HS-DPCCH power control method of the Present Invention 

In a terminal, which continuously transmits a general 
control channel signal and intermittently transmits a 
specific control channel signal, a method of controlling 
control channel power of a radio communication terminal 
according to the present invention includes the steps of 
increasing the power of a general control channel to a power 
level requested to demodulate a specific control channel 
transmission once transmission of the specific control 
channel signal is executed, and adjusting the increased 
power to meet a power level requested by the current general 
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control channel transmission if the specific control channel 
transmission is completed. 

FIG. 4 is a diagram of a power control method according 
to one embodiment of the present invention. 
5 Referring to FIG. 4, the present invention uses a 

general HS-DPCCH power control method in which a terminal in 
soft handover in a HSDPA system appropriately adjusts the 
DPCCH power in the HS-DPCCH signal transmission section 
(slot or slots) . However, the present invention quickly 
10 reduces the DPCCH power down to a level requested by 
transmission of a current DPCCH signal when ending the 
transmission of the HS-DPCCH signal. 

In the present invention, the terminal increases the 
transmission power of the DPCCH in a slot transmitting HS- 
15 DPCCH by as much as A DPCC h- Calculation of A DPC ch follows 
Equation 2 of the related art. 

However, the present invention differs from the related 
art in that the power of the DPCCH is reduced by as much as 
Adpcch in a first slot after completion of HS-DPCCH 
20 transmission. 

Here, A DPC ch is calculated by Equation 3. 
[Equation 3] : 

Adpcch = -d x ATPC + TPC_comb (HS_end) x ATPC + y x ATPC 
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In Equation 3, y d' is a value of deducing the DPCCH 
power increment required for a HS-DPCCH transmission slot 
and *TPC_comb (HS_end) ' is a TPC_comb value at the slot after 
5 completion of the HS-DPCCH transmission. 

The method proposed by the present invention 
immediately reduces DPCCH power (d x ATPC) , which was 
increased at the beginning of HS-DPCCH transmission when 
ending the transmission of the HS-DPCCH signal. 
10 Also, x y' is a value for compensating power control 

error that may occur when quickly reducing the DPCCH power 
after HS-DPCCH transmission. Here, y y' can be set in various 
manners according to the system as follows, 
a) y = 0 
15 b) y = 1 

c) y = TPC_comb (HS_start) 

d) y = TPC_comb(HS_start) + 1 

In c) and d) , TPC_comb (HS_start ) is a TPC_comb value in 
a slot where HS-DPCCH transmission starts. 
20 After completion of transmitting the HS-DPCCH signal, 

transmission of the DPCCH signal, as shown in FIG. 4, 
follows a general power control method in soft handover. 



Meanwhile, a power control method according to the 
present invention, which considers a transmission slot 
interval of the HS-DPCCH signal, is explained as follows. 

When the power control method of the present invention 
5 is applied to DPCCH power control, if another HS-DPCCH is 
transmitted in the K_used slot after transmission of one HS- 
DPCCH, an interval between the two HS-DPCCH transmission 
slots may be insufficient for deducing the additional power 
required for transmitting the second HS-DPCCH. Considering 
10 such insufficiency, one of the following modified equations 
can replace Equation 3. 

First, in case that the next HS-DPCCH transmission is 
performed before the K_used slot, an equation of calculating 
Adpcch is as follows: 
15 Adpcch = -d x ATPC + TPC_comb (HS_end) x ATPC + y x ATPC 



In other cases, an equation of calculating A D pcch is as 
follows : 

Adpcch = TPC_comb (HS__end) x ATPC 
20 Second, A DPC ch = -Max { 0 , [d-f (K_intv) ] } x ATPC + 

TPC_comb (HS_end) x ATPC + y x ATPC 

whereby % K_intv' means a slot interval from a current 
HS-DPCCH transmission slot to the next HS-DPCCH transmission 
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slot. If another HS-DPCCH is transmitted in the slot next to 
the HS-DPCCH transmission slot, *K_intv' is x 0' . Also, 
*f(K_intv)' is an arbitrary function using 'K_intv' as a 
factor. And, 'Max{a, b}' is a function of selecting the 
greater of 'a' or y b' . 

DPCCH Transmit Power Control of the Present Invention 

The present invention also improves the related art 
method of adjusting the DPCCH transmit power in the HS-DPCCH 
slots for a terminal in soft handover in a IMT-2000 HSDPA 
system. In particular, for terminals operating under the 
power control method 2, the power control method 1 is 
applied for DPCCH transmit power control during at least a 
total of K_algol number of slots after HS-DPCCH transmission 
is completed. The DPCCH transmit power after the K_algol 
slot is again based on power control method 2. 

Namely, according to the present invention, assuming 
that HS-DPCCH is transmitted at the n th slot, the terminal 
applies power control method 1 for DPCCH transmissions from 
the (n + l) th slot up to the boundary of the first N slot 
group or the first M x N slot group appearing after the (n + 
1 + K_algol) th slot. Thereafter, the power control method 2 
is applied again. Here, M is a random constant. 



21 



FIGs . 7A and 7B show examples of applying the present 
invention to the previously described modified power control 
methods A and B when K_algo = 5. In comparison to the 
related art methods shown in FIGs. 6A and 6B, is can be 
5 clearly understood that the time required for the DPCCH 
transmit power to return to its appropriate level when using 
the present invention is relatively much shorter than that 
of the related art methods. 

Accordingly, the power control methods according to the 

10 present invention quickly reduce DPCCH transmit power when 
ending the transmission of the HS-DPCCH signal down to a 
level requested by the transmission of a current DPCCH 
signal, thereby effectively controlling the uplink DPCCH 
power of a terminal and to greatly decrease uplink 

15 interference in the system that was the problematic in the 
related art. 

While the present invention has been described and 
illustrated herein with reference to the preferred 
embodiments thereof, it will be apparent to those skilled in 
20 the art that various modifications and variations can be made 
therein without departing from the spirit and scope of the 
invention. Thus, it is intended that the present invention 
cover the modifications and variations of this invention that 
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come within the scope of the appended claims and their 
equivalents . 
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